PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 

C12Q 1/527, 1/26 



Al 



(11) International Publication Number: WO 94/23063 

(43) International Publication Date: 13 October 1994 (13.10.94) 



(21) International Application Number: PCT/US94/03122 

(22) International Filing Date: 23 March 1994 (23.03.94) 



(30) Priority Data: 

08/037,961 



26 March 1993 (26.03.93) 



US 



(71) Applicant: DOWELANCO [US/US]; 9330 Zionsville Road, 

Indianapolis, IN 46268- 1054 (US). 

(72) Inventors: GERWICK, Clifford, B., Ill; 97 Cricket Knoll 

Lane, Carmel, IN 46033 (US). EHJERS, Robert, J.; 10236 
Park Ridge Drive, Indianapolis, IN 46229 (US). MIRELES, 
Linda, C; 6938 Bluff Grove Circle, Indianapolis, IN 46278 
(US). 

(74) Agent: STUART, Donald, R.; DowElanco, Patent Department, 
9330 Zionsville Road, Indianapolis, IN 46268- 1054 (US). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, CN, 
CZ, DE, DK, ES, H, GB, HU, IP, KP, KR, KZ, LK, LU, 
LV, MG, MN, MW, NL, NO, NZ, PL, PT, RO, RU, SD, 
SE, SI, SK, UA, UZ, VN, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, O, CM, GA, GN, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD FOR IDENTIFYING WEEDS RESISTANT TO INHIBITORS OF ACETOLACTATE SYNTHASE 



(57) Abstract 

Resistance of given plant tissue to an inhibitor of ace to lactate synthase is identified by: (a) combining in an aqueous medium a sample 
of the plant tissue, the inhibitor of acetolactate synthase, and an inhibitor of keto acid reductoisomerase; (b) allowing time for acetolactate 
to accumulate; (c) rupturing the cells; (d) acidifying the mixture to convert any accumulated acetolactate to acetoin; and (e) colorimetrically 
detecting the presence of acetoin in the mixture. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AC 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 




KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cdte d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


VA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 94/23063 



PCT/US94/03122 



METHOD FOR IDENTIFYING WEEDS RESISTANT TO INHIBITORS OF 

ACETOLACTATE SYNTHASE 

Field of the Invention 

This invention provides a method for identifying 
5 weeds resistant to inhibitors of acetolactate synthase. 

Beckgrgynfl pf the Invention 

Several new classes of herbicides, such as the 
sulfonylureas, have inhibition of acetolactate synthase 
as their apparent mode of action. Acetolactate 

10 synthase and acetohydroxyacid synthase are two names 
for the enzyme EC 4.1,3.18, which will hereinafter be 
referred to as ALS/AHAS. ALS/AHAS catalyzes conversion 
of pyruvate to acetolactate in the first step of a 
multistep biosynthetic pathway by which plants 

15 synthesize valine and leucine. ALS/AHAS inhibitors are 
of great interest as herbicides for a variety of 
reasons. Because vertibrates do not synthesize valine 
and leucine, the mode of action does not threaten 
vertibrates. Further, many of the newly discovered 

20 compounds are active at very low- doses. 

The emergence of target-site based resistance to 
ALS/AHAS inhibiting herbicides has, however, raised 
concern for the viability of this class of products. 
The onset of resistance has been both rapid and 

25 extensive. A total of eleven weed species resistant to 
ALS/AHAS inhibiting herbicides are known. These are 
distributed over at least four countries, eleven U.S. 
states, and three Canadian provinces. Well over 400 
sites of Kochia resistance have been identified in 

30 North America during the past six years . Three 

consecutive years of sulfonylurea use in Idaho wheat 

prodution selected for resistance in Lactuca serriola, 
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Further, resistant biotypes do not appear to suffer any 
significant penalty in terms of fitness. The 
relatively rapid emergence of resistance, coupled to 
high fitness of resistant biotypes, necessitates the 
5 development of resistance management strategies. 

Resistance management efforts will have a 
significantly greater chance of succeeding if a method 
is available to rapidly identify resistant weeds. 
Ideally, a field researcher should be able to sample 
10 tissue from a putative resistant weed, test for 
resistance either in the field or back in the 
laboratory, and plan and execute an appropriate 
strategy all within a few hours. 

Summary of the Invention 

15 Accordingly, an object of the present invention is 

to provide a method for quickly, easily, and reliably 
identifying weeds that are resistant to ALS/AHAS 
inhibitors . 

The method can also be used to assess cross- 
20 resistance, i.e. resistance to an ALS/AHAS herbicide 
different from the ALS/AHAS herbicide that served as 
the selective agent. 

The method can also be used to identify ALS/AHAS 
resistant crops and germplasm containing an ALS/AHAS 
25 resistant gene. 

The method can also be used to screen for 
materials that inhibit ALS/AHAS in a selected plant 
specimen. 
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Ttef.ailed Desciption of the Invention 

More specifically, the invention provides a method 
for determining whether a material to be tested is 
capable of inhibiting acetolactate synthesis in a given 
5 sample of plant tissue which comprises the steps of: 

a) combining in an aqueous medium the plant tissue 
sample, the material, and an inhibitor of keto acid 
reductoisomerase (EC 1.1.1.86, hereinafter referred to 
as KARI) so that acetolactate will accumulate in the 

10 mixture unless said material inhibits acetolactate 
synthesis; 

b) allowing time for acetolactate to accumulate; 

c) treating the mixture to rupture the plant cells 
and release the cell contents; 

25 d) acidifying said mixture to convert any 

accumulated acetolactate to acetoin (3-hydroxy-2- 
butanone) , and 

e) using a colorimeteric method to detect the 
presence of acetoin. 

20 The basis for the method is illustrated in the 

following scheme, which outlines the biosynthetic route 
by which plants synthesize valine and leucine: 

ALS , KARI valine 

2 pyruvate acetolactate—^—^ leucine 

In the' first step, acetolactate synthase (ALS/AHAS) 

25 catalyzes conversion of pyruvate to acetolactate. Keto 

acid reductoisomerase (KARI) catalyzes the following 

step in the sequence. The second step is blocked when 

an effective KARI inhibitor is present, therefore any 

acetolactate produced in the first step simply 

-3- 



WO 94/23063 



PCT/US94/03122 



accumulates. But if an effective ALS/AHAS inhibitor is 
also present, acetolactate is not produced and none 
accumulates. If acetolactate accumulates in the 
presence of a KARI inhibitor, and a normally effective 
5 ALS/AHAS inhibitor is also present, it can be concluded 
that the plant is resistant to the ALS/AHAS inhibitor. 
In accordance with the invention, the accumulation of 
acetolactate is detected by converting any accumulated 
acetolactate to acetoin and colorimetrically detecting 
10 the presence of acetoin. 

The aqueous medium used in this method preferably 
contains low concentrations of inorganic ions and is 
adjusted to a pH of about 5.5-7.5. 

The plant tissue used in the method is a sample 
15 containing living cells that are normally capable of 
synthesizing acetolactate. The tissue sample may 
consist of, for example, excised whole leaves, leaf 
slices, or leaf disks. It is a specific advantage of 
the method that it does not require whole plants. 

20 When the method is used to identify resistant 

weeds, the material to be tested can be any known 
herbicide that is known to have ALS/AHAS inhibition as 
its mode of action. Examples indued flumetsulam, 
imazaquin, chlorsulf uron, metsulfuron-methyl , 

25 sul f ometuron -methyl , bensulf uron-methyl , chlorimuron- 
ethyl, triasulfuron, thiameturon, pyrazosulfuron-ethyl , 
f lazasulfuron, nicosulf uron, cinosulf uron, imazapyr, 
imazamethabenz, and imazethapyr. 

The amount of ALS/AHAS inhibitor used will 
30 generally be in the range of about ,001 to about 100 
\m, depending upon the activity level of the ALS/AHAS 
inhibitor and the desired detection limit for 
resistance. ALS/AHAS inhibitors from the imidazolinone 
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and pyrimidyl-oxy-benzoate families will likely be 
tested at the higher end of the range; sulfonylureas 
and thiazolopyrimidine sulf onanilides at the lower end. 

The particular KARI inhibitor used in the method 
is not critical. Among the known KARI inhibitors may 
be mentioned 2-methylphosphinoyl-2-hydroxyacetic acid, 
also known as HOE 704, and N-hydroxy-N- 
i sop ropy loxamate . 

Preferred KARI inhibitors are compounds of the 



where X is COOEt, COOMe, or COOH, and salts thereof. 
These compounds have not previously been reported as 
KARI inhibitors. Although they are less active than 
HOE 704, and they do not have sufficient activity to be 
useful as herbicides, their activity is adequate for 
use in the method of this invention, and they are 
inexpensive, readily available chemicals. 1,1- 
Cyclopropanedicarboxylic acid (CPCA) , for example, is 
commercially available from Aldrich Chemical Company, 
Inc . , Milwaukee , WI . 

The amount of KARI inhibitor used will generally 
be in the range of about 1 nM to about 1 mM, depending 
upon the potency of the inhibitor. For CPCA, the 
prefered range is from about 50 to about 10, 000 |!M, and 
the most prefered range is 100-1000 |IM. 

The time allowed for acetolactate to accumulate 
will generally be in the range of 1-24 hours, although 
longer time periods still give satisfactory results. 
The preferred time period is 2-12 hours, depending upon 
the weed species and the position of the sampled leaf 
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in the canopy. It is a specific advantage of the 
method that the time period required is relatively 
short . 

After the incubation period the cells are 
5 ruptured, preferably by homogenization. 

Acidification to convert the acetolactate to 
acetoin may suitably be carried out by bringing the 
plant extract to a final concentration of 0.5% H2SO4 
and warming to 60°C for 30 minutes. More generally, 
10 other acids may be used to bring about the 

decarboxylation. The acid will typically be present in 
the range of 0.1-0.5 N. Time periods required , 
depending upon the temperature used, may range from 1- 
120 minutes. 

15 Several colorimeteric methods for detetermination 

of acetoin are known. For example, E.Stotz and J. 
Raborg, J. Biol. Chem. 150:25 (1943) describe a 
colorimeteric procedure involving formation of a nickel 
salt. W.W. Westerfeld, "A Colorimetric Determination 

20 of Blood Acetoin," J. Biol. Chem. 161: 495-502 (1945) 
describes a method utilizing the color reaction 
involving reaction of acetoin with a guanidino group in 
the presence of base. The latter method is preferred. 

More specifically, in a preferred embodiment of 
25 the invention, acetoin is colorimetrically identified 
by adding creatine and a basic solution of 1-naphthol 
to the acidified plant extract. It is preferred to 
successively add aqueous creatine solution followed by 
1-naphthol in sodium hydroxide solution. The preferred 
30 final concentrations are 2.0 mg/mL creatine, 20 mg/mL 
1-naphthol, and 0.5 N NaOH. The appearance of pink 
color having a spectrophotometric maximum at 530 nm 
develops within 10-30 minutes of adding these reagents. 
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As reported by Westerfeld in the above identified 
article, other compounds containing the guanidino group 
can be substituted for creatine. Examples of such 
compounds include arginine, creatinine, guanidine 
5 carbonate, and methylgunaidine sulfate. 

Example? 

Seeds of velvetleaf {Abutilon theophrasti) , 
redroot pigweed (Amaranthus retroflexus) , lambsquarters 
{Chenopodium album), cocklebur {Xanthium strumarium) 

10 and shattercane (Sorghum bicolor) were obtained from a 
commercial seed supplier (Azlin Seed Co., Leland, MS) 
and SCEPTER® (a registered trademark of American 
Cyanamide Corporation) resistant cocklebur was a gift 
from Dr. William Barrentine, Delta Research and 

15 Extension Center, Stoneville, MS. 

All seeds were sown in a commercial potting mix 
and grown under greenhouse conditions. Plants received 
regular top-watering and nutrient additions. Plants 
were utilized in the 3-4 leaf stage for assay unless 
20 otherwise noted. In one series of experiments designed 
to investigate the effects of leaf position on assay, 
velvetleaf was grown to a height of 140 cm with 36 
leaves. Differing leaves in the canopy were utilized 
for acetoin determination, as described below. 

25 Leaf punches or slices (0.2-0.75 g) were incubated 

in 6 mL of 25 % MS salt media (Gibco BRL, 
Gaithesrsburg, MD) containing 500 |iM CPCA and 0.025% 
Triton. X-100 (Sigma Chemical Co., St. Louis, MO) at a 
pH of 6.8, unless otherwise indicated. 

30 A duplicate incubation was conducted with the 

further addition of 10 |iM flumetsulam or other ALS/AHAS 
inhibitor. Replication was typically 2-4 fold 
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depending upon tissue availability. Incubation was 
conducted either in 10 mL plastic petri dishes or 50 mL 
capped plastic centrifuge tubes. As incubations in the 
light or dark did not significantly differ with respect 
5 to acetoin accumulation, incubations were routinely 

conducted in low light at 22 °C . Incubation times were 
typically 4-12 hrs after which the tissue and media 
were transferred to a hand homogenizer, ground briefly, 
and filtered. 

The levels of acetoin were determined by the above 
described method of Westerfeld (1945), with the 
following modifications. The sample was acidified by 
the addition of H 2 S0 4 to a final concentration of 0.5% 
and warmed to 60 °C for 30 min to facilitate 
decarboxylation of acetolactate to acetoin. The 
temperature of this step is not critical and adequate 
decarboxylation is achieved either by using a heating 
block, or by simply placing the capped tube in very 
warm water. The desired amount of 1-naphthol was 
dissolved in 2.5 N NaOH and added to the sample along 
with creatine to a final concentration of 20 mg/mL and 
2 mg/mL, respectively. Color was allowed to develop at 
room temperature or at 37 °C for maximum intensity. 
When quantification was desired, the tubes were 
centrifuged for 10 min at 10,000 g and the absorbance 
measured at 530 nm. 

The effect of CPCA on acetoin accumulation in 
velvetleaf is reported in Table 1. In the presence of 
CPCA, leaf disks accumulate substantial quantities of 
30 acetoin over the concentration range of 2-100,000 ^lM, 
with a general plateau occurring above concentrations 
of about 100 fiM (Table 1). A sharp decline at 
concentrations greater than 10,000 |IM suggests toxicity 



15 



20 
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at high concentrations by means other than KARI 
inhibition . 

The addition of 10 |iM flumetsulam with CPCA 
completely prevented the accumulation of acetoin (Table 
5 1) . Inhibition of ALS/AHAS by flumetsulam prevented 
synthesis of acetolactate, there was therefore no 
acetolactate available for conversion to acetoin. 
Although in this example the amount of acetoin was 
quantified for comparison, the color of the reaction 

10 tubes alone was sufficient for clearly distinguishing 
between the presence or absence of acetoin 
accumulation. Table 1 reports the results of this 
experiment, demonstrating the effect of differing 
concentrations of CPCA, alone or in combination with 

15 flumetsulam, on acetoin accumulation in velvetleaf . 



Table 1 



Treatmen 
t 


rCPCAl 


[Flumetsulam 


Reaction 
Color 3 


Acetoin^ ' 
(Mg/gfw/hr 
) 


(MM) 


1 
(MM) 


1 






BROWN 


.0 


2 


1.6 




BROWN 


.7 


3 


6.25 




PINK 


1.0 


4 


25.0 




PINK 


3.1 


5 


100 




STRONG 
PINK 


8.5 


6 


1000 




STRONG 
PINK 


10.1 


7 


10000 




STRONG 
PINK 


14.3 


8 


100000 




PINK 


4.4 


9 


100 


10 


BROWN 


0.3 



The ability of CPCA to induce acetoin accumulation 
in several weed species is shown in Table 2 . 
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Table 2 



Species 


[CPCA] 
(MM) 


Reaction 
Color a 


Acetoin* 3 

(M-g/gfw/hr 

) 


s.d. c 


pigweed 


500 


pink 


3.7 


.22 


lambs - 
quarters 


500 


pink 


3.1 


.21 


sorghum 


500 


pink 


4.7 


.14 


velvetleaf 


500 


strong pink 


17.4 


_ 1.5 


cocklebur 


500 


pink 


2.6 


.30 



a Color observed prior to spectrophotometry reading at 
530 run. 

5 ^Incubation times varied from 18 hours for cocklebur to 
4 hours for velvetleaf. 

c Standard deviation, n=3 . 

These species were selected for study because of 
their importance in US corn/soybean production and 
10 their suspected potential to develop resistance under 
ALS/AHAS selection pressure. In each case, a 
sufficient level of acetoin accumulated to enable 
resistance diagnosis . 

A surprising finding was the speed of induced 
15 acetoin accumulation in leaf disks. The report of 

Schulz et. al., "The Herbicidally Active Experimental 
Compound HOE 704 is a Potent Inhibitor of the Enzyme 
Acetolactate Reductoisomerase, " FEBS Lett. 238': 375-78 
(1988) presented acetoin levels in intact plants and 
20 after 14 days. Sufficient amounts of acetoin 

accumulate in velvetleaf leaf disks for resistance 
diagnosis within 2 hours. 

The amount of acetoin is both time and tissue 

level dependent. For species accumulating acetoin at 

25 slower rates such as cocklebur, the interval between 

tissue harvest and acetoin determination should be 

extended to 8-12 hours. In one series of experiments, 
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leaf disks of velvetleaf were allowed to incubate in 
CPCA for 24 hours with no adverse affects on acetoin 
accumulation or its subsequent determination. When 
sampling in the field and adding leaf punches directly 
5 to CPCA media, it may be most convenient with some 
species to allow the samples to incubate overnight 
prior to resistance diagnosis. 

In many cases weed escapes are likely to be quite 
large in size prior to being suspected as resistant 

10 biotypes. It was therefore of interest to know if 

mature plants and mature leaves would respond to CPCA. 
Velvetleaf were grown in the greenhouse to a large size 
and each leaf labeled according to its position in the 
canopy. A number of these leaves were sampled and 

15 acetoin determinations were conducted in duplicate on 
each leaf. The results of these determinations, 
demonstrating the effect of leaf position and size on 
CPCA induced acetoin accumulation in velvetleaf, are 
reported in Table 3 . The data indicate that the 

20 greatest levels of acetoin in disks taken from the 
uppermost, youngest leaf. 



-11- 



WO 94/23063 



PCTAJS94/03122 



Table 3 



Leaf Number 


Leaf area class 3 


Acetoin 0 
(Hg/gfw/hr) 


1 


1 


31 .4 


2 


2 


21.7 


3 


2 


18 .7 


7 


3 


13.6 


10 


1 


18.2 


13 


1 


15.7 


14 


3 


10.0 


16 


2 


18.0 


17 


3 


14.5 


19 


1 


12.6 


20 


3 


15.3 


21 


2 


12 .7 


24 


3 


12.7 


26 


1 


19.1 


29 


3 


! 15.0 


31 


1 


18.0 


33 


3 


14.8 


34 


3 


| 15.6 


35 


3 


20.8 


36 


3 


18.5 



*Leaf area class; 1, <40 cm 2 ; 2, 40-90 cm 2 ; 3, £90 cm 2 . 
^LSD (0,05) = 4.4 

5 Interestingly, leaves of about the same size but 

lower in the canopy did not accumulate acetoin to the 
same degree. Nonetheless, these leaves, as well as 
older and larger leaves, all accumulated acetoin levels 
sufficient for resistance diagnosis. It is preferred 
10 that the youngest apical leaf be selected for 
resistance testing whenever possible. 

The resistance diagnosis method was validated in 
an experiment wherein effectiveness of imazaquin at 
preventing CPCA induced acetoin accumulation in 
15 SCEPTER® resistant (R) and sensitive (S) cocklebur was 
measured. In the absence of imazaquin, leaf disks from 
both the R and S biotypes accumulated acetoin in the 
presence of CPCA. The addition of 10 or 100 ^IM 
imazaquin prevented acetoin accumulation in the S 

-12- 



WO 94/23063 



PCT/US94/03122 



biotype, but not in the R . The visual difference in 
color of the reaction tubes was more than sufficient to 
clearly distinguish R from S. The results are reported 
in Table 4 . 

5 Tebie 4 



Cocklebur 
biotype 


[CPCA] 
(MM) 


[imazaquin] 
(MM) 


Reaction 
color a 


Acetoin* 3 
(Hg/gfw/hr 
) 


S 


500 


0 


Pink 


2.6 


S 


500 


10 


Brown 


0.7 


S 


500 


100 


Brown 


0.7 


R 


500 


0 


Pink 


1.6 


R 


500 


10 


Pink 


1.7 


R 


500 


100 


Pink 


1.3 



a Color observed prior to spectrophotometric reading at 
530 nm. 

b LSD (0,05) = 0.36 

10 As has been shown above, the invention provides a 

method for the rapid determination of resistance to 
ALS/AHAS inhibitors in field plants. The invention 
therefore provides an important new tool to help 
monitor and manage ALS/AHAS resistance. Significant 

15 advantages of the method include the short interval of 
time required for diagnosis, applicability to a number 
of important weed species in the U.S. corn/ soybean 
rotation, low cost of reagents, and ease of use. 
Another significant attribute is the ready availability 

20 of a "reference control" in the diagnosis. In a 

preferred embodiment, leaf tissue is sampled to two 
containers, one containing CPCA, the other CPCA and the 
desired ALS/AHAS inhibitor. Both samples are worked up 
and compared. If acetoin is not detected in the sample 
' 25 incubated in the absence of the ALS/AHAS inhibitor, 
then clearly the diagnosis is not valid and must be 
repeated with greater amounts of tissue and/or a 
greater incubation times. The presence of this 
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"reference control" helps to insure a valid and 
reliable diagnosis. 

For a plant that has been shown to be resistant to 
one ALS/AHAS inhibitor, the method can be used to 
5 assess cross-resistance by testing additional tissue 
samples from the plant using different ALS/AHAS 
inhibitors . 

The method can also be used to screen for a 
material that inhibits the ALS/AHAS of a preselected 
10 plant, in which case the material may or may not be a 
known ALS/AHAS inhibitor. 
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We claim: 

1. A method for determining whether a material to 
be tested is capable of inhibiting acetolactate in a 
given plant tissue sample containing living cells which 

5 comprises the steps of: 

a) combining in an aqueous medium the plant tissue 
sample, the material, and an inhibitor of keto acid 
reductoisomerase, so that acetolactate will accumulate 
in the mixture unless the material inhibits acetolactate 

10 synthesis; and 

b) detecting accumulation of acetolactate* 

2. The method of claim 1 wherein the ketoacid 
reductoisomerase inhibitor is a compound of the formula 

COOH 



25 where X is COOEt, COOMe, or COOH, or a salt thereof. 

3 . The method of claim 2 wherein the ketoacid 
reductoisomerase inhibitor is 1,1- 
cyclopropanedicarboxylic acid or a salt thereof. 

4. The method of claim 8 wherein said material is 
20 a herbicide known to have inhibition of acetolactate 

synthase as its mode of action. 

5. The method of claim 1 wherein the 
colorimeteric method used in step d) comprises adding a 
compound containing the guanidino group, 1-naphthol, and 

25 base to the mixture. 

6. The method of claim 6 wherein the compound 

containing the guanidino group is creatine. 
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35 



40 



45 



7. A method for determining whether a given plant 
is resistant to a herbicide known to have inhibition of 
acetolactate synthase as its mode of action, which 
comprises : 

a) combining in an aqueous medium a fresh sample of 
tissue from said plant, said herbicide, and a keto acid 
reductoisomerase inhibitor; and 

b) detecting the accumulation of acetolactate. 

8. The method of claim 8 wherein the compound 
containing the guanidino group is creatine. 

9. The method of claim 4 wherein the herbicide is 
selected from the group consisting of flumetsulam, 
imazaquin, chlorsulfuron, metsulfuron-methyl, 
sulfometuron-methyl, bensulfuron-methyl, chlorimuron- 
ethyl, triasulfuron, thiameturon, pyrazosulfuron-ethyl, 

f lazasul f uron , nicosul f uron , cinosul f uron , imazapyr , 
imazamethabenz, and imazethapyr. 

10. The method of claim 8 wherein the the ketoacid 
reductoisomerase inhibitor is a compound of the formula 

k cooh 



where X is COOEt, COOMe, or COOH, or a salt thereof. 

11. The method of claim 11 wherein the ketoacid 
reductoisomerase inhibitor is 1,1- 



12. A method for inhibiting keto acid 
reductoisomerase which comprises bringing it into 
contact with a compound of the formula 




cyclopropanedicarboxylic acid or a salt thereof. 
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where X is COOEt, COOMe,or COOH, or a salt thereof. 

13- The method of claim 13 wherein the compound is 
1, 1-cyclopropanedicarboxylic acid or a salt thereof. 

14. A method of claim 1 wherein the accumulation 
60 of acetolactate is detected by 

c) allowing time for acetolactate to accumulate; 

d) rupturing the cells; 

e) acidifying said mixture to convert any 
accumulated acetolactate to acetoin, and 

65 f) colorimetrically detecting the presence of 

acetoin in the mixture. 

15. A method of claim 8 wherein the accumulation 
of acetolactate is detected by 

c) rupturing cells; 

70 d) acidifying said mixture to convert any 

accumulated acetolactate to acetoin, and 

e) adding a compound containing the guanidino 
group, 1-naphthol, and base to the mixture, so that the 
color of the resulting mixture indicates whether 
75 acetolactate synthesis was inhibited. 



-17- 



PCT/US 94/03122 



A. in OSSIFICATION OF SUBJECT MATTKR 

IPC 5 C12Q1/527 C12Q1/26 



According to International Patent Classification (IPC) or to both national classification and IPC 

P. FIELDS SEARCHED ' 

Minimum documentation searched (classification system Toll owed by classification symbols) 

IPC 5 C12Q 

Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



CHEMICAL ABSTRACTS, vol. 115, no. 11, 
16 September 1991, Columbus, Ohio, US; 
abstract no. 108457, 
A.SCHULZ ET AL. 'The experimental 
herbicide Hoe 704 inhibits the 
biosynthesis of branched chain amino acids 
and pantoate in Klebsiella pneumoniae. 1 
page 321 ; column 1 ; 
see abstract 

& BIOSYNTH. BRANCHED CHAIN AMINO ACIDS, 
PROC. WORKSHOP 1988, 1990, WEINHEIM, DE 
pages 403 - 411 

-/-- 



1-15 



XI Further documents are listed in the continuation of box C. 



□ 



Patent family members are listed in annex. 



* Special categories of cited documents : 

*A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earlier document but published on or after the international 

filing date 

'!/ document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O' document referring to an.oral disclosure, use, exhibition or 
other means - 

"P" document published prior to the international filing date but 
later than the prionty date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

*X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

" Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

19 July 1994 


Date of mailing of the international search report 

2 9. 07. 94 


Name and mailing address of the ISA 

European Patent Office, P.O. 5818 Patentlaan 2 
Nl. - 2280 HV Rijswijk 
Tel. ( + 31-70) 340-2040, Tx. 31 651 cpo nl, 
Tar ( + 31-70) 340-3016 


Authorized officer 

Griffith, 6 



Form PCT/ISA/210 (second ihtet) (July 1993) 



page 1 of 2 



PCT/US 94/03122 



1 



C(Continuauon) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category" 


Citation of document, with indication, where appropriate, of the relevant passages 




A 


FEBS LETTERS., 

vol.238, no. 2, October 1988, AMSTERDAM NL 
pages 375 - 378 

A. SCHULZ ET AL. 'The herbicidally active 
experimental compound Hoe 704 is a potent 
inhibitor of the enzyme acetolactate 
reductoi somerase. 1 
cited in the application 
see the whole document 


1-15 


A 


CHEMICAL ABSTRACTS, vol. 40, no. 8, 

20 April 1946, Columbus, Ohio, US; 

abstract no. 2175(4), 

W. W. WESTERFELD. 'A col or i metric 

determination of blood acetoin (and of 

biacetyl).' 

column 1 ; 

see abstract 

& JOURNAL OF BIOLOGICAL CHEMISTRY, 

vol.161, 1945 

pages 495 - 502 

cited in the application 


1,5-8, 
14,15 


A 


CHEMICAL ABSTRACTS, vol. 116, no. 3, 
20 January 1992, Columbus, Ohio, US; 
abstract no. 17090, 
V. A. WITTENBACH ET AL. 'Examples of 
extraneous site inhibitors and reaction 
intermediate analogs: acetolactate 
synthase and ketol-acid reducto isomer a se. 
page 199 ; column 2 ; 
see abstract 

& PESTIC. CHEM.: ADV. INT. RES., DEV., 
LEGIS., PROC. INT. CONGR. PESTIC. CHEM., 
7TH. 1990., 1991, WEINHEIM.DE 
pages 151 - 160 


1-15 


P.X 


CHEMICAL ABSTRACTS, vol. 120, no. 17, 
25 April 1994, Columbus, Ohio, US; 
abstract no. 210679, 

B. C. GERWICK ET AL. 'Rapid diagnosis of 

ALS/AHAS-resistant weeds.' 

page 344 .column 1 ; 

see abstract 

& WEED TECHNOL., 

vol.7, no. 2, 1993 

pages 519 - 524 


1-15 



Form PCT/1SA/2IQ (continuation of second «heet> (July 199J) 



page 2 of 2 



